The integration site of avian myeloblastosis virus (AMV) proviral DNA in DNA from leukemic chicken myeloblasts has been studied by three sequential nucleic acid hybridizations that can localize the proviral DNA Preparation of DNA and Reassociation. The methods for isolation of DNA from leukemic myeloblasts, reassociation of DNA, DNA size determination, and separation of singlestranded and double-stranded nucleic acids by hydroxylapatite chromatography have been described (26) .
The integration site of avian myeloblastosis virus (AMV) proviral DNA in DNA from leukemic chicken myeloblasts has been studied by three sequential nucleic acid hybridizations that can localize the proviral DNA according to the repetitiveness of the adjacent cellular DNA regions. First, large denatured cellular DNA fragments (2.1 X 106 daltons) were reassociated and fractionated according to sequence reiteration frequency. Next, DNA remaining single-stranded in each fraction was immobilized on nitrocellulose filters and hybridized with an excess of unlabeled 70S RNA from Rous-associated virus-0 to saturate the endogenous proviral DNA sequences. Finally, the filter-immobilized DNA was hybridized with 3H-labeled 35S RNA from AMV to quantitate the AMV-specific DNA in each fraction. From these studies, the AMV provirus in AMV-induced leukemic myeloblasts appears to be integrated in tandem with the endogenous provirat DNA and with contiguous cellular sequences that ap ear to be repeated approximately 1200 times per haploid cell genome. Each provirus integration unit in single-stranded leukemic cell DNA is equivalent to two 35S viral RNA subunits (total 6 X 106 daltons). It appears that the integration of AMV provirus is site specific and occurs at a restricted number of sites (1-2 per chicken cell haploid genome).
Avian oncornavirus DNA sequences representing vertically transmitted endogenous viral genes are present in all apparently normal chicken cells (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Cells derived from some normal chicken embryos spontaneously produce a subgroup E type-C RNA tumor virus that is like Rous-associated virus-0 (RAV-0) (16) (17) (18) , suggesting that they contain the entire genome (provirus) of an endogenous avian oncornavirus. After infection of chicken cells with exogenous RNA tumor viruses, e.g., avian myeloblastosis virus (AMV), new proviruses are acquired by the infected cells (1-3, 7-11, 19-22) . The endogenous proviruses are covalently linked (integrated) to the nuclear DNA of normal chicken cells (23, 24) and the exogenous proviruses also become integrated into nuclear DNA of infected cells, whether the cells are transformed or not (refs. 23 (26, 27) . In AMV-transformed leukemic chicken cells producing AMV, the AMV proviral DNA sequences renature as if they were integrated either next to unique cellular DNA or in tandem with endogenous proviral DNA or within endogenous proviral DNA (26, 27 (25, 29) .
Preparation of DNA and Reassociation. The methods for isolation of DNA from leukemic myeloblasts, reassociation of DNA, DNA size determination, and separation of singlestranded and double-stranded nucleic acids by hydroxylapatite chromatography have been described (26) .
Nucleic Acids. (specific activity 9 X 105 cpm/4jg) and 5 mg/ml of yeast RNA in 4 X SSC with 0.05% sodium dodecyl sulfate, and were hybridized for an additional 12 hr at 700. After the second hybridization, the filters were processed as described earlier (1, 2) . [4] [5] [6] integration of the two types of proviruses at different sites separated by stretches of cellular DNA much longer than the provirus. Model 1 involves endto-end integration, Model 2 involves integration of the AMV provirus within the endogenous provirus (chosen at center for simplicity), and Model 3 requires deletion of the reiterated cellular sequences and substitution by unique cellular sequences at one end of the integrated endogenous provirus. In Models 4-6, the endogenous provirus is between two moderately reiterated (1000 to 2000-fold) cellular DNA regions as shown by Evans et al. (26) and the AMV provirus integration is shown in the three possible ways involving reiterated or unique adjacent cellular sequences. In Models 4-6, for simplicity, the diagram shows the center fragment of viral DNA to be only Y the length of the viral genome. This represents the fraction of viral DNA without attached cell sequences which in reality would exist as fragments with an average length of approximately % of the viral genome, i.e., 2.1 X 106 daltons. For each model the expected proportion of fast reassociating viral DNA detectable by AMV-RNA is shown in Table 2 . In the column without competition by RAV-0 RNA, the proportions shown represent total (endogenous plus AMV) proviral DNA present in fragments that reassociate rapidly. After prehybridization with RAV-0 RNA, the RAV-0-like endogenous DNA sequences are completely saturated and the proportions represent only AMV-specific DNA sequences in the fast reassociating fragments. (26) . The larger size (18 S) of the DNA fragments must be responsible for the apparently rapid reassociation (COt112 of 0.27) of a substantial portion (33%) of the total (squares) and of the AMV-specific (triangles) proviral DNA (Fig. 3) . Therefore, the observed rapid renaturation of the low frequency viral DNA sequences that follows theoretical Curve 2 (broken line) in Fig. 3 must be caused by their covalent association with reiterated cellular sequences. The AMV-specific DNA sequences acquired after infection by AMV reassociate as if one end of the AMV provirus had integrated next to a cellular DNA region that is repeated 1000-2000 times per haploid leukemic cell genome (compatible with Models 1 or 5, Fig. 2 ). The endogenous proviral DNA sequences were found to be integrated in a similar region of cellular DNA in normal chicken cells (26) . If the AMV provirus had been integrated by itself between unique cellular DNA sequences (Model 6, Fig. 2) , the AMV-specific sequences would have reassociated at a much slower rate according to theoretical Curve 1 (broken line) in Fig. 3 . Conversely, if the AMV provirus had been integrated by itself between reiterated (1000 to 2000-fold) cellular sequences (Model 4, Fig. 2 ), the AMV-specific sequences would have been expected to renature as depicted by Curve 3 (broken line) in Fig. 3 .
Approximately 60% of the total (endogenous plus AMV) and of the AMV proviral sequences renatured at a much slower rate, approximately twice as fast as that of unique cellular DNA. These represent the populations of viral DNA fragments that are not linked to cellular sequences and renature according to their own reiteration frequency. This indicates that there are only approximately two DNA copies of the AMV genome per haploid leukemic cell genome, in agreement with Table 1 and in confirmation of our earlier results (10, 11) .
The total (endogenous plus AMV) proviral DNA (squares, Fig. 3 ) and the AMV-specific DNA (triangles, Fig. 3 ) follow nearly identical reassociation kinetics and approximately 33% reassociates rapidly. Analysis of the models in Fig. 2 and of the theoretical expectations in Table 1 indicates that the data fit best Model 1 in which the newly acquired AMV proviral DNA is integrated in tandem with the endogenous proviral DNA sequences. If the AMV proviral DNA had integrated by itself, with one end adjacent to reiterated cellular DNA sequences, and with the other end next to unique cellular sequences (Model 5, Fig. 2 ), a larger fraction (46% versus 33%) of the total viral sequences would have reassociated rapidly (Table 2) . These experiments also rule out the integration of AMV provirus DNA within the endogenous provirus (Model 2, Fig. 2 ). If this were so, the reassociating AMV-specific DNA after saturation with RAV-0 RNA would have behaved as unique cellular DNA and would also be depicted by Curve 1 (broken line) of Fig. 3 (31, 32) . Alternatively, a general form of recombination may result from the high degree of homology that exists between the endogenous and AMV proviral DNAs (28) . Still another possible mode of recombination could occur in accordance with the model suggested by Campbell (33) for integration of the circularized genome of the temperate phage lambda in the bacterial chromosome.
The integration of the exogenous provirus at a specific site in tandem with the endogenous proviral DNA may also be related to the specificity of oncogenesis by AMV in chicken target cells (35) . For instance, expression of the viral oncogenic information may be dependent upon transcription of the integration site as part of an active DNA region in cells that express a specific state of differentiation. In normal chicken cells, synthesis of endogenous viral RNAis barely detectable, whereas after infection with exogenous RNA tumor viruses viral RNA synthesis occurs on a scale 100 to 1000-fold higher (36) .
